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This invention relates fo a meter for determin- 
ing the amplitudes of sine waves recorded on discs. 
More particularly, the invention is concerned 
with an instrument for measuring the frequency 
response of recording amplifiers and recording 5 
heads. 
As is known, the voltage obtainable from a 
recording for any given frequency is proportional 
to the maximum radial velocity of the pick-up 
needle ai that particular frequency. 10 
For many years, a system known as the Buch- 
mann-Meyer, an optical system, has been used 
for measuring the maximum radial velocity of 
sine waves recorded on discs. As this system 
demonstrates, the maximum radial velocity is 15 
equal fo a constant rimes the product of the radius 
to the groove under consideration and the pattern 
width reflected from that particular groove. 
A brief reference to this system should be ruade 
at this rime, better fo explain the operation of the 20 
meter of the present invention. 
If a beam of light with parallel rays is made 
fo fall on modulated grooves on a recording disc, 
a band of light will be seen, the width of .which 
variis with the amount of modulation. If a seriis 25 
of fortes of various frequencies are recorded on a 
disc, then the width of the band of light---called 
the .light patternmfor each frequency represents 
the level actually put on the disc by the recording 
head ai that frequency. A response curve of the 30 
recording head may thus be mathematica!ly com- 
puted. 
Figure 5 of the drawings illustrates the general 
1orinciple of this system. This figure shows a sine 
wave recorded on a disc (hOt shown) ai a radius 35 
1 from the centre C of such disc. Parallel light 
rays S---S from a source emanating from a rela- 
tively great distance are reflected from the modu- 
lated groove. Between points O--O, these par- 
allel rays will be reflected from some portion Of 40 
the sine wave groove fo E, representing the eye. 
The distance between the points O--O is the pat- 
terri width. No reflected rays reach the eye from 
outside these points since they occur ai the posi- 
tion of maximum slope for the sine wave, this 45 
maximum slope being round where the sine wave 
crosses the zero axis and is riprisinted by the 
line OP which bears an angle "b" fo a line A--A 
drawn through:the points OO. The value of 
the angle "b" depends on the position of both the b0 
eye and the light source with respect fo the groove 
under consideration, and when determined, cor- 
rects thWapparent variations in the band width. 
The angle "b" cannot be neglected if measure- 
ments of absolute level on a disc ari desired, f 
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A meter marie according to my invention em- 
bodies the Buchmann-Meyer system but elimi- 
nates the error or factor represented by angle "b" 
above referred fo. The meter computes the maxi- 
mum velocity and gives a reading thereof, con- 
veniently in decibels. The result is at all rimes 
equal to a constant rimes the product of the 
radius fo the groove under consideration, and 
the pattern width reflected from that particular 
groove. The lengths of the radius and that of 
the pattern width are converted fo two electrical 
voltages which are multiplied together in an elec- 
tric circuit and the result shown. . 
An object of the invention is to provide an 
instrument for measuring the amplitudes of sine 
waves recorded on discs, thus obviating the neces- 
sity of mathematical computation from light pat- 
terns. 
Another object Of the invention is to 10rovidé a 
small and compact meter for measuring the am- 
plitudes of sine wves recorded on discs_which is 
accurate, easy to operate, and can be used in a 
lighted room. 
Another object of the invention is fo provide 
an instrument by which the width _of a light  
pattern reiected from a groove ofa disc on which 
a sine wave of a certain frequency has been 
recorded will bi an exact function of the maxi- 
mum radial velocity of the pick-up need]e for 
that frequency. 
In the preferred form of the invention, the 
disc is supported on a turntable wkich is adapted 
fo be moved bodily in a straight line in-a plane, 
an eyepiece and a pointer are flxedly mounted 
above the table and define a line of sight the axis 
of which is ai right angles fo the plane of the 
table fo pass through the line of bodily travel of 
the table, and a source of light (an electric lamp) 
is adapted to be moved in a straight line ai right 
angles fo the line of bodily travël of the table and. 
parallellYwith but spaced from the plane 0f such 
table. A potentiometer has its movable contact 
mechanically operatively connected to the light 
source so as fo more therewîth and proportionally 
thereto. The output of this potentiometer is fed 
fo a vacuum- tube connected as a cathode followër. 
The output of. the cathode followe is developed 
cross a second potentiometer .in the cathode: 
circuit. The movable arm of this second potenti- 
ometer is mechanically operatively connected fo 
the turntable so as fo more therewith and. pro- 
P0rtionally thereto. Thus, the output of this 
cathode follower circuit represents the product of 
two variables, one being a function of the width 
of the reflected light pattern, and thë other being 
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a function of the distance between the centre of 
the disc and the particular groove under consider- 
ation. This output is connected to a V. U. meter. 
In the drawings, wherein like numerals of forer- 
once indicate corresponding parts in the various 
flgures, 
Figure 1 is a top plan view of the meter, with 
the cover or panel partly broken away; 
Figure 2 is a front view of Figure 1, with the 
cover partly broken away; 
Figure 3 is also a top plan view of Figure 1, 
an enlarged scale, but with the top cover removed. 
Figure 4 shows the electric circuit; and, ' 
Figure 5 is a diagram used as a reference 
the specification. 
Referring now by numerals to £he drawings, 
10 is the base of the meter and I I, the cover or 
panel. The cover conveniently takes the shape 
of a hollow receptacle which is removably 
cured to the base as with screws (hot shown) 
passed through the side walls of the cover to 
ttlrëad into lfgs 12 secured to the base. 
Tle disc D is laid uPon  round-talJle 13 
tatably supported by an elongatêd mémber 
tlë OEsc being centered as by-a circuldr pbSt I 
rïing from the centre of the  table to project 
tI/-ough the centre hole of the dise. The table 
sUpPort or member 14 is supported in slide bear- 
ing I rising from the base I0 fo permit of .the 
b;odily, mövement of the table in an axis X--X. 
Them0:ement of the table, longitudinïlly in thë 
gi X--X, is determined by-thë engagement 
fk pin 16 carried by the member 14 with 
or the other of the bearingg 15. " Moving With 
the mèmber 15 is a rack 21 meshing with ï gear 
22rotatablF mounted above the bse. Turning 
ith thè gear is a pulley 23. 
lising from the base is a U-shaped member 
I ! which carries a pointer I$ which is diSlSoSed 
Vertically above the axis X--X. " .... 
'Secured to the c¢ver II is a eyepiece 20, the 
eyeïieCe being so disposed that its 10ngitudinal 
àxi or line of sight is at right angles t  the 
plane of the table and passes thr0u$1  tÇ effeC:e 
tiv-è. ènd of the pointer. 
.... Rotatably mounted above the base is a double 
pullèy 24 fixed on a spindle 43 jourr/alled r the 
:àse and a strap 25. The pulley 23 i opera- 
ti]ély c0nnected t0 the pulley 24 t0 be didven 
thereby, as by a wire 26 tensioned between the 
pu!leys to act as an endless belt. Thë pulley 
iin turn similarly operatively c0nnected te a 
P!ley 28 fixed to a spindle 39 to which is fixed 
tWmovable contact of a potentiometr. P3,'a 
Wie 2 being tensioned betweer the pulleys 28 
ànd 24 As the potentiometer is eperated or ad: 
jtteflï as by turning the spindle 28, the table 
i moved bodily in the axis X--X: In other 
words, the bodily movement of the tablWI in 
tïe axis x-x is proportional to the movement 
of the contact arm of the potentiemeter, that is, 
roP0rtional toits output. 
E is an electric lamp suitably carried by a 
block  I of insulating material slidably supported 
bYitwo superposed moral rods 33 anch0réd at 
teir, opposite ends in brackets 41 of in@ulating 
material rising from the base. The.r0ds are 
pos.ed,above the table so that the lamp i s 
abl_e, parallelly with the table an d t rigt angles. 
to the axis X--X. 
 The lamp is prvided with contacts 42 sliding 
on the moral rods or tracks 3 Which are eldc  
tïicàllY c0nnected to a Source of. electric powèr. 
çl' lamp .is. mechanically cçneptedto " J spinelle 
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potentiometer P2 so as tobe moved proportion- 
ally to the movement of the contact, that is, pro- 
portionally to the output of the potentiometer. 
Thus, as shown,  are pulleys journalled in bear- 
ings 35 secured to the brackets 34. 3 is a double 
pulley fixed to the spindle 35. A wire 41 is looped 
around the pulley S and is anchored at its op- 
posite ends to the lamp block l, the wize turn- 
ing on and being tensioned against the pulleys 
. The pulley S is operatively connected to a 
pulley 41 fixed to a spindle 40 journalled between 
the base and the strap 25, as by a wire 4,} ten- 
sioned between the pulleys and providing an end- 
less belt. The spindles 40 and 4S extend through 
the cover I I, and to the upper ends of these spin- 
dles are secured operating knobs 45 and 4, re- 
spectively. 
In practice, the distance between the lamp and 
the pointer is a minimum of approximately 15 
inches, being a close approximation to light com- 
ing from infinity, that is, to a beam of light with 
parallel rays. With the .light source at .thi dis- 
tance, the accuracy of the inst rment will .be 
within 0.5 decibel. 
An A. C. voltage of 6.3 volts is fed to the po 
tentiometer P2 and the output of the latter 
fed to the cathode follower VI as by line L. Zero 
voltage is intended tobe obtained at the centre 
of the pot movement when the pointer is 
rectly above the centre of the light Pattern. Ths 
potentiometer should be of. Stqh 
100,000 ohms--that small increments Of vo!tag 
may be measured as the pointer moves from wie 
to wire. Exact tracking is obtaine_d b using a 
screw :driver controlled potenti0meter P5 tapped. 
to the ground. 
In one Of the lines of the power circuit s. 
erably used an adjustable resistor Pi tq tak.e ca.re 
of fiuctuations or variations in the line v_olage. 
As the movement of the poenti0meter P is pro- 
portional to that of the lamp, as alredy t.a.ted,. 
the output fed to the cathod e f0lio.w.er. VI is pro- 
portional to the linear moveme.nt o_f tlE lam.p 
away from its ze0 position abóv.e tha centr of 
the light pattern. 
The cathoderesistor of the tbe VI is the po.- 
tentiometer P3, the output of whi.ch is fed/q 
second vacuum tube V2 connecte d aS  a.mpli- 
fier, via a range s_vitch S. The 0ç.P from the 
amplifier is fed to a cathode follower tube 
2s already stated, the P0teni0mèteç P_ ïs me- 
chanically connected fo the disc supporting. 
member 14 so that the output from ts. pqten- 
tiometer is proportional to the adius R, thatis,. 
the distance between the pointer and the centre 
of the table (or disc). Trackin'g of te p0ten- 
tiometer P3 with respect to R is 0bined by an 
adjustabe resistor P4 in thE Cathode qirçuit of 
the tube VI, that is to say, to correct any devi- 
ation from linearity betveen petenti0.metCr P3 
and 1 when 1 is small. 
The range meter switch S is dEsne_d., for diScs 
turning at the usuai standard vElpcities o.f 
and ï8.26 1. P. M., and for. variou 1Eve!s. 
A. C. meter preïerably is a V. U. mter ad: is. 
calibrated in decibels. 
Operaion 
The disc is laid upn thç tale::anthe.:rd!us 
control or potentiomeer P3 .iS 
selectEd track or groove, i.s sen., directly u!der 
the tip Of the pointer. TI .e. stç.S: isïset 
the "clibrate." po.!0  an :the crating 
trol P5 adjusted until the metEr.rEa.ds  _ zer0V..u, 
Ca]ibration vill "vï"wih the line.voltage.and 



therefore recluires fo be checked occasionally. 
The light control potentiometer P2 is next 
erated until one edge of the light pattern is dl- 
rectly under the pointer. TheX meter switch is 
now turned fo the appropriate range and the ve- 
1ocity is read in decibels relative fo a zero level 
which corresponds fo a stylus velocity of 5 cm. 
per second. Reading is now taken. 
If desired, the lamp maY be moved fo bring 
the opposite edge of the light pattern under the 
pointer and a reading taken. Any dlfference in 
the two readlngs will indlcate either that the 
control P5 was not properly adjusted or that 
there is distortion in the recorded wave shape. 
While the purpose of the table is to support 
and move the disc boiily in a same plane, a 
turntable is used in the present instrument. By 
thus revolving the table, as by hand, if is possible 
fo line up several waves or successive grooves 
within the scope of vision of the eye-piece, so 
that the individual reflections, combined with 
the retentivity of the eye, makes if possible 
provide delïnite edges to the light pattern. This 
is particularly desirable when dealing with very 
low frecluencies. 
What I claire is: 
1. In an instrument for measuring the ampli= 
rudes of sine waves recorded on a disc, the coin= 
bination of a suppor for the disc for bodily mov- 
ing the disc in a straight line, a lamp movable 
in a straight line ai right angles to the line of 
bodflY movement of the disc and in a )lane par- 
allel with and spaced from the plane of the disc, 
means constituting a line of sight disposed af 
right angles fo the plane of the dlsc and passing 
through the line of its bodily travel for viewing 
the light pattern reflected from the disc, an elec- 
tric circuit including two potentiometers con- 
nected In cascade, a mechanical operative con= 
nection between said support and one of said 
potentiometers for varying the output thereof 
proportionally to the bodily movement of the 
disc, and a mechanical operative connection 
tween said lamp and the other of said potentiom= 
eters for varying the output of said other po= 
tentiometer proportionally to the movement of 
said lamp. 

6 
2. In an instrument for measuring the ampli- 
rudes of sine waves recorded on a dlsc, the com- 
bination of a support for the disc for bodily mov- 
ing the disc in a straight line,  lamp movable 
5 in a straight line at right angles to the line of 
bodily movement of the disc and in a .lane par- 
allel with and spaced from the plane of the dlsc, 
means constituting a line of sight disposed at 
right angles to the plane of the disc and pass- 
lO ing through the line of ifs bodily travel for view- 
ing the light pattern reflected from the disc, an 
electric circuit including two potentiometers 
adapted to multiply the outputs of said poten= 
tiometers, means ïor varying the output of one 
15 of said potentiometers proportionally to the bod- 
ily movement of the disc, and means ïor varying 
the output of the other of said potentiometers 
proportionally fo the movement oï said lamp. 
3. In an instrument for measuring the ampli- 
2O rudes oï sine waves recorded on a disc, the com- 
bination of a support for the disc for bodily mov- 
ing the disc in a straight line, a lamP movable 
in a straight line af ri'ght angles to the line of 
bodily movement oï the disc and in a plane par- 
65 allel with and spaced ïrom the )lane of the disc, 
means constituting a line of sight disposed at 
right angles to the plane of the disc and passing 
through the line of ifs bodily travel for viewing 
the light pattern reflected from the dlsc, an elec- 
3o tric circuit including an output measuring in- 
strument, and separate operative connections be= 
tween said support and said instrument and be- 
tween said lamp and said instrument for meas- 
uring the output produced as a function of the 
35 bodily movements respectively of said support 
and of said lamp. 
ROBERT E. SANTO. 
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